Historically, the treatment of deep infection after soft-tissue or joint replacement procedures of the shoulder has consisted of aggressive debridement and extensive courses of antibiotics. If the infection can be eliminated, further reconstruction can be undertaken. The ability to eradicate the infection is often related directly to the quality of the debridement.
Historically, the treatment of deep infection after soft-tissue or joint replacement procedures of the shoulder has consisted of aggressive debridement and extensive courses of antibiotics. If the infection can be eliminated, further reconstruction can be undertaken. The ability to eradicate the infection is often related directly to the quality of the debridement. [1] [2] [3] The shoulder presents a difficult problem in that the infection and subsequent aggressive debridement can compromise the rotator cuff and other stabilising structures, rendering the joint unstable.
The aims of treatment are to eliminate infection, reduce pain, and restore function. Previously, the options for reconstruction following deep sepsis in the shoulder have been limited. We considered that after debridement, reverse shoulder arthroplasty could be used to stabilise the joint allowing restoration of function, and that further antibiotics could be used to assist in eliminating the infection. We employed a standard intra-operative protocol to obtain tissue and fluid in order to devise an appropriate regimen of antibiotics after surgery. We have assessed the short-term results of single-or multiple-stage treatment using debridement, reverse shoulder arthroplasty and post-operative antibiotics to manage the triad of deep infection, rotator cuff deficiency and glenohumeral instability.
Patients and Methods
Between December 1998 and April 2005, 25 shoulders in 24 patients with severe rotator cuff deficiency and a painful shoulder secondary to infection were treated with debridement, implantation of a reverse shoulder arthroplasty and intravenous (IV) antibiotics. Of these patients, three died leaving 21 (ten men and 11 women) (22 shoulders) with a minimum of two years' follow-up. The mean age at the time of operation was 67 years (43 to 83). The mean follow-up was 43 months (25 to 66). The patient demographics are shown in Table I. A hemiarthroplasty had previously been performed on 17 shoulders, but the remaining five had no prior joint replacement. In 13 (77%) of the shoulders with a hemiarthroplasty, the procedure had been undertaken following a fracture, three (18%) had been undertaken for rotator cuff arthropathy, and the reason for one (5%) was unknown. The five shoulders without an arthroplasty had undergone an attempted open rotator cuff repair; one had also had an acromioplasty, and another internal fixation at the time of the cuff repair. A previous debridement had been undertaken on nine of the 22 shoulders (40.9%) of which six had undergone more than one operation before referral.
Upper limb
Ten of the 22 shoulders (45%) were treated with a singlestage exchange to a reverse shoulder arthroplasty, and 12 (55%) had a two-stage procedure with debridement and antibiotic spacer, followed by conversion to a reverse arthroplasty. In the staged patients, the mean time to reimplantation was 16.2 weeks (9 to 28). Diagnosis. Before surgery, all patients had clinical and radiological evidence of a deficient rotator cuff and glenohumeral instability which was confirmed at operation (Table I) . The clinical diagnosis of infection was based on a combination of symptoms, laboratory tests, findings on physical examination, such as a draining sinus, radiological evidence of loosening of the prosthesis (defined as a complete lucent line of 2 mm or more around the stem of the hemiarthroplasty) (Fig. 1) , 4 radioisotope scanning, and analysis of intra-operative specimens. The blood tests had typically been collected within two weeks of the exchange arthroplasty. The white blood cell (WBC) count was considered to be elevated when it was > 11.0 × 10 9 /L, erythrocyte sedimentation rate (ESR) > 22 mm/h and the C-reactive protein (CRP) level > 1 dl/l. Pre-operative WBC counts were available for 16 of the 22 shoulders (73%), the ESR was known in ten (46%), and the CRP in nine (41%). One patient, for whom there was no information on the ESR or CRP, had rheumatoid arthritis. No other patient had a history of this or other inflammatory conditions that might have elevated the ESR or CRP. Indium bone scans were performed on five shoulders and the results reviewed by independent radiologists. They were interpreted as positive, negative or indeterminate.
At operation, four specimens of tissue or bone 1 cm in size were placed in a sterile container, one in an anaerobic transport medium, and one in formalin for permanent section. Fluid was cultured for aerobes, anaerobes and acidfast bacilli. Gram and acid-fast stains were performed during the procedure, as were frozen sections which were examined for acute inflammation, using the Mirra criteria. 5 A frozen section was thus considered to be positive when any single high-power field contained at least five polymorphonuclear leukocytes (PMNs). A specimen was frozen for potential re-culture in the future if deemed necessary. Standard incubation plates were held for two days and broth for 14 days. The smears for acid-fast bacilli were held for one day and incubated for eight weeks. the debridement, the age and comorbidities of the patient, and the accompanying pathology including bone loss, which might require an allograft. Patients who had a draining sinus before operation or evidence of pus during the operation were treated with six weeks of antibiotics post-operatively as also were those with positive frozen sections or positive permanent sections with or without positive intra-operative cultures. Those with negative frozen and permanent sections but positive intra-operative cultures were given antibiotics for two weeks, as it was felt that positive cultures with negative histology could potentially represent contamination. Outcome measures. Patients filled in questionnaires prior to, and at a minimum of two years, after surgery. The American Shoulder and Elbow, 6 visual analogue scale (VAS), 7 and simple shoulder test 8, 9 scores were derived from these questionnaires, along with the subjective satisfaction rating of the patient, graded as excellent, good, satisfactory or unsatisfactory. The active range of forward flexion, abduction and external rotation was measured before operation, and at follow-up at a minimum of two years.
The radiological assessment of all the patients was carried out by an orthopaedic surgeon (DJC) not involved in the treatment. The pre-operative and the most recent radiographs were evaluated. Each series consisted of anteroposterior (AP), true AP, axillary and scapular Y lateral films. The pre-operative radiographs were examined for evidence of instability based on the criteria of Sperling et al, 4 the presence of glenoid erosion, 10 and a radiolucent line ≥ 2 mm in width in three or more zones around the humeral component. 4, 11 The post-operative films were evaluated for loosening of the humeral baseplate, scapular notching, and any other incidental findings. Statistical methods. The pre-and post-operative outcome measures, including the American Shoulder and Elbow, 6 VAS, 7 and simple shoulder test scores, 8, 9 and the active ranges of movement were compared using a paired t-test for normally distributed data or Wilcoxon's signed ranks test for non-parametric data. The outcome of one-and multiple-stage procedures were compared using Student's t-test for normally distributed data or a Mann-Whitney U test for non-parametric data. Statistical analysis was performed using MedCalc version 8.2.1.0 (Mariakerke, Belgium). A p-value < 0.05 was considered significant.
Results
Pre-operative findings. Before operation physical examination showed obvious signs of infection in 16 shoulders (73%). There was a sinus tract in 12 (75%) and a swollen erythematous joint in four (25%). Of the 16 shoulders with WBC counts before operation, none was elevated. Of the ten shoulders for which an ESR was available, it was elevated in seven. Nine of the 22 shoulders (41%) had measurement of the CRP before operation, and this was elevated in six (67%). The pre-operative indium-labelled Anteroposterior radiograph of an implanted early-generation reverse shoulder prosthesis as part of the treatment for an infected shoulder joint.
bone scan was positive in two of the five shoulders tested. Some level of glenohumeral instability was seen on the radiographs available for 18 shoulders before operation. Five (28%) had mild subluxation, in six (33%) it was moderate, and in seven (39%) severe. Erosion of the glenoid was seen in the radiographs of all 18 shoulders. An area of radiolucency ≥ 2 mm was seen around all zones of the implant in four shoulders, suggesting infection (Fig. 1) . Intra-operative findings. At operation, frozen sections showed evidence of acute inflammation in 15 of 22 shoulders (68%), either during the reverse shoulder procedure or at an intermediate stage. Acute inflammatory changes were seen in 13 permanent sections (59%). Positive cultures at operation were obtained in 18 of 22 shoulders (82%). Of the four shoulders with negative intra-operative cultures, three showed evidence of acute inflammation on histological examination, but the other one had clinical signs. Staphylococcus aureus was the most common organism encountered (Table II) . Post-operative radiographs. Inspection of the last available radiographs showed one patient (one shoulder) with complete radiolucency around the humeral component and another with lucency around the baseplate, which had not migrated. This latter patient had an aspiration of the joint and appropriate blood tests both of which were negative.
There were no instances of scapular notching. Other findings noted on the last available radiographs included one shoulder with broken screws and a peri-prosthetic fracture, grade IV Brooker heterotopic ossification in two shoulders, and dissociation of the polyethylene component in another (Table II) . Complications. There were 11 complications in seven shoulders (Table II) . Two occurred on the glenoid side of the joint. One shoulder with severe bone loss from the posterior glenoid had breakage of the central baseplate screw and a periprosthetic scapular fracture. The general condition of the patient did not allow an attempt at revision. Another patient had loosening of both components one year after operation. The reverse shoulder prosthesis was converted to a longstemmed humeral component. Neither of these patients had evidence of further infection.
There were six complications on the humeral side with two polyethylene dissociations, a peri-prosthetic fracture, a radial nerve palsy, a dislocation, and the loosening mentioned above. One patient fell at 23 months and fractured the polyethylene component, with dissociation. He underwent revision with a polyethylene exchange and a proximal humeral allograft. Another patient who was treated in a staged fashion had a fracture just distal to the antibioticcoated hemiarthroplasty spacer and developed a radial nerve palsy. This was treated by removal of the spacer and internal fixation of the fracture, followed by conversion to the reverse shoulder arthroplasty seven days later. This patient subsequently had polyethylene dissociation 16 months after the reverse arthroplasty. Her general health ruled out further surgery. She had reasonable function and rated her outcome as excellent. Dislocation occurred in one shoulder 19 days after operation. It was successfully managed by closed reduction.
There were three shoulders with a post-operative haematoma which required incision and drainage within the first three weeks after their arthroplasty. Two were in the staged group, the other was a single-stage conversion. No evidence of infection was found and the wounds healed without further problems. Functional outcomes. All outcome measures improved significantly (Table III) The mean Simple Shoulder test scores in the 21 shoulders about which we had data improved from 1.3 (SD 1.6) to 4.0 (SD 3.0) (p < 0.0001). There were 14 shoulders (64%) which were rated as good or excellent, five (23%) as satisfactory, and three (13%) as unsatisfactory. In addition to the patient with the peri-prosthetic scapular fracture mentioned above, one of the dissatisfied patients had heterotopic ossification and poor movement, and the other had only marginal improvement in pain and function, but no complications or abnormal radiological findings.
Compared with their pre-operative scores, 18 of 22 shoulders (82%) showed an improvement in the post-operative VAS and American Shoulder and Elbow pain scores and 17 of 22 (77%) showed improvement in the post-operative American Shoulder and Elbow function scores. Of the 22, 19 (86%) showed improvement in their total American Shoulder and Elbow scores, 15 (68%) had improvement in their VAS functional scores, and 18 of 21 (86%) had improved Simple Shoulder test scores. The pre-operative Simple Shoulder test score was not available for one shoulder.
No significant difference was found for any of the outcome measures when comparing single-with multiple-stage procedures. Neither the pre-operative assessments nor post-operative outcome measures were significantly different. None of the patients had evidence of recurrent infection at the last follow-up and the two patients with radiological evidence of failure had no evidence of infection after comprehensive reassessment.
infection at the last follow-up. These patients had a mean active abduction of 100˚. Ince et al 16 managed 16 infected shoulder arthroplasties with a single-stage exchange. None had a recurrence of infection at their last follow-up, but the functional results were less satisfactory, with a mean active abduction of 51.6˚. The authors considered that debridement of infected tissue, including the rotator cuff, may have contributed to the restricted movement. Given the amount of rotator cuff dysfunction, they suggested that the reverse design might be a better alternative in these patients. The one patient treated with a reverse design had a good outcome, with only slight pain and active abduction of 110˚. 16 The absence of recurrent infection in our current series is a direct result we think, of the quality of the debridement performed at the index procedure. By anticipating the use of a reverse shoulder arthroplasty, there was little concern about removing suspicious soft tissue or bone, including resection of infected portions of the rotator cuff, capsule and bone. The only structure it was necessary to preserve was the deltoid muscle, which is the main muscle determining function after reverse shoulder arthroplasty. Despite such aggressive debridement, functional improvement was consistently seen after conversion to the reverse shoulder arthroplasty. This re-establishes the stable fulcrum needed for the optimal performance of the deltoid. 19 The complication rate in this series was 32% (7 of 22) . This can be attributed to the difficult nature of this problem, and the many previous operations that some of these patients had undergone. Reverse shoulder arthroplasty as a revision procedure has been reported as having a complication rate approaching 50%. 20 Many of the patients in our series were treated with the earliest generation of this implant, which used 3.5 mm peripheral screw fixation with an all-polyethylene humeral component. We currently use 5.0 mm peripheral locking screws, as this has been shown to be a stronger construct. 21 We have also added a metal shell to support the humeral component, thereby minimising the risk of fracture or dissociation which occurred in two patients.
The diagnosis of a post-operative infection can be difficult. Suggested protocols have been based on experience with hip and knee arthroplasty, and adapted for the shoulder. 22 The use of a standardised procedure for processing and examining intra-operative tissue can provide the surgeon with reliable information about infection and reduce the number of false negatives caused by improper tissue handling or inadequate specimen collection. We use an algorithm, which includes clinical signs of infection, intraoperative histology and cultures to determine the duration of the use of intravenous antibiotics (Fig. 3) . Most patients were treated for six weeks. In future, the use of newer techniques, such as polymerase chain reaction, which is being used to detect bacteria that may be present in very low inoculum, or that do not grow in culture, may be useful in helping to establish the diagnosis. 23, 24 As regards outcome and the eradication of infection, a single-stage revision was statistically no different from a two-stage procedure. This may be because of the fact that a more aggressive debridement can be undertaken if a reverse shoulder arthroplasty is used. One criticism is the lack of a standardised algorithm to guide whether a single-or twostage procedure should be undertaken. The intra-operative decision was made based on the appearance of the tissue and the adequacy of debridement, as well as the possible need for an allograft.
The major weaknesses of this study are that it is retrospective in nature and the follow-up is short. We continue to follow this group of patients closely to assess possible recurrent infection.
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